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ANALYTICAL APPLICATIONS 



Description 



[0001] 



The invention concerns the production of quinoline compounds 



containing sulfonic acid groups, said quinoline compounds and the conversion 
thereof into dyes containing sulfonic acid groups. The dyes according to the 
invention can be used especially to label analytes and for example to label 
biomolecules. 



related derivatives are preferably used as labelling groups in chemical, biological 
and medical analytics due to their very good spectral properties and in particular 
their fluorescence. (J. Slavik, Fluorescent probes in Cellular and Molecular 
Biology, CRC Press, Boca Raton, Ann Arbor, London, Tokyo, 1994). A large 
number of long wavelength xanthene dyes (rhodamines etc.) are described in EP 
0567622 B1. Labelling dyes from the oxazine class are disclosed in EP 0747447 
B1. Sulfonic acid derivatives of xanthene dyes are described in WO 99/15517. 
Dyes from the carbopyronine and amidopyrylium dye classes are described in WO 
00/64986 and WO 00/64987. In this connection dyes having a high fluorescence 
quantum yield play an important role since the fluorescence enables a very 
sensitive detection of the labelled analyte. However, non-fluorescent derivatives 
are becoming increasingly important as quenchers in special methods. 

[0003] A good solubility e.g. in aqueous systems is necessary in addition to 
a simple and reliable detectability for an application as labelling groups for 
analytes. In other cases exactly the opposite is desired i.e. a good solubility in an 
unpolar environment e.g. cell membranes. 

[0004] Hence, depending on the concrete conditions, certain specific 
properties which the fluorophore should have in addition to its optical properties 
are of decisive importance for an application as a labelling group for analytes or in 



[0002] 



Dyes from the class of coumarin, xanthene and oxazine dyes and 
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similar methods. In the case of the dyes of the said patents, these properties can 
either not be achieved or, if at all, only in a very complicated manner by dye 
synthesis using appropriate educts. 

[0005] Hence an object of the present invention was to simply and also 
subsequently modify certain physical and/or chemical properties of these dyes 
such as their solubility in certain media, their tendency to interact unspecifically 
with substrates and/or vessel walls or their coupling ability without essentially 
changing the very good spectral properties of the dyes. 

[0006] This object is achieved according to the invention by the preparation 
of compounds of the general formulae la and lb 




[0007] As well as their use for preparing dyes which can for example be 
used as labelling groups in a method for detecting analytes in which Ri denotes 
hydrogen or a saturated or unsaturated, straight-chained, branched or cyclic 
hydrocarbon group with up to 20 C atoms e.g. polyether, phenyl, phenylalkyl with 
1-3 C atoms in the chain, where the hydrocarbon groups can optionally contain 
heteroatoms such as oxygen, sulfur or nitrogen atoms or/and one or more 
substituents preferably selected from halogens, hydroxy, amino, sulfo, phospho, 
carboxy, carbonyl, alkoxy or/and alkoxycarbonyl groups, 
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[0008] R 2 , R3, R4. R5. R6, R7 and R 8 each independently denote hydrogen, 
halogen, a hydroxy, amino, sulfo or carboxy or aldehyde group or a saturated or 
unsaturated, straight-chained, branched or cyclic hydrocarbon group with up to 20 
C atoms where the hydrocarbon groups comprise alkyl, alkenyl, alkinyl, cycloalkyl, 
aryl, in particular phenyl or/and heteroaryl residues and can optionally also contain 
heteroatoms such as oxygen, sulfur or nitrogen atoms or/and several substituents 
preferably selected from halogens, hydroxy, amino, phospho, sulfo, carboxy, 
carbonyl, alkoxy or/and alkoxycarbonyl groups, or the residue R 8 forms a ring 
system with R1 which can contain one or more multiple bonds and 

[0009] X denotes halogen, a hydroxy, alkoxy, alkylthio or amino group, 
where the hydrocarbon residues that may be present in these groups comprise in 
particular alkyl, alkenyl, alkinyl, cycloalkyl, aryl, in particular phenyl or/and 
heteroaryl residues and can optionally also contain heteroatoms such as oxygen,, 
sulfur or nitrogen atoms or/and several substituents preferably selected from, 
halogens, hydroxy, amino, phospho, sulfo, carboxy, carbonyl, alkoxy or/and 
alkoxycarbonyl groups. 

[0010] In preferred embodiments R1 denotes an aryl or alkyl residue, R 2 and 
R 3 each denote methyl and R 4 denotes hydrogen. 

[0011] In other particularly preferred embodiments R1 denotes an aryl or 
alkyl residue, R2 and R 3 each denote methyl, R 4 denotes hydrogen and R 7 
denotes a hydroxy or methoxy group. 

[0012] In additional particularly preferred embodiments R1 denotes an aryl 
or alkyl residue, R2 and R3 each denote methyl, R 4 denotes hydrogen and R6 
denotes a nitroso, formyl or a hydroxymethyl group. 

[0013] In a further particularly preferred class of compounds R1 is bridged 
with R 8 to form a ring system and in particular a 5-membered or 6-membered ring. 

[0014] The dyes that are preferably used or prepared are representatives of 



the classes compiled in the following of the general formulae II to VII but are not 
limited to these classes. In the case of dyes of the classes III and V to VII which 
have a symmetric chromophoric system, it is possible according to the invention to 
introduce two equal or different S0 2 X groups by selection of the educts. It is 
possible to produce corresponding dyes having tetrahydroquinoline end groups in 
the same manner as for the educts I by means of subsequent hydrogenation. 



CH 2 S0 2 X 




CH 2 S0 2 X R 




CH 2 S0 2 X R 




CH 2 S0 2 X R 




CH 2 S0 2 X 




CH 2 S0 2 X R O 




II coumarins 



xanthene dyes 
Y = O, S, Se 



IV rhodol dyes 



V carbopyronines 



VI azine dyes 

Y = O (oxazines), S 
(thiazines), CR 2 (carbazines) 

VII amidopyrylium dyes 



f 



in which R is in particular H, (subst.) aryl, (subst.) carboxyphenyl, (subst.) alkyl, 
(subst.) cycloalkyl, (subst.) pyridyl, (subst.) carboxypyridyl etc.. 
According to the invention it is possible either to sulfonate appropriate precursors 
of the synthesis or sulfonate the actual dyes and subsequently derivatize the 
sulfonic acid group(s). For this purpose the sulfonic acid or its salt are preferably 
converted into a sulfochloride which is subsequently reacted with a nucleophile 
(e.g. amino or mercapto group). The sulfonation succeeds for example in 
concentrated sulfuric acid optionally in a mixture with oleum. The sulfonic acid 
derivatives of both the precursors and the dyes can be reacted in a simple manner 
with phosphoroxy chloride, phosphorus pentachloride or thionyl chloride preferably 
in a mixture with dimethylformamide to form a sulfochloride. Surprisingly it was 
possible to isolate the sulfochlorides in almost all cases without problems. The 
sulfochlorides react with various nucleophiles, preferably with primary or 
secondary amines to form corresponding sulfonamide derivatives. The physical 
and/or chemical properties of the compounds obtained in this manner also depend 
very decisively on the properties of the amine that is used which is elucidated later 
in more detail also on the basis of examples. An astonishingly large diversity of 
pH-stable sulfonamide derivatives is obtained in this process. The type of 
sulfonamide linkage according to the invention ensures a spatial separation of 
substituent and chromophore thus preventing a disadvantageous effect on the 
fluorescence efficiency. The dye sulfochlorides can also be used directly without 
prior derivatization for coupling to nucleophilic (NH 2 etc. groups) groups of analyte 
molecules. 

[0015] The term heteroatoms as used herein comprises in particular 
oxygen, sulfur and nitrogen atoms. 

[0016] If not stated otherwise, the term substituents comprises in particular 
halogen, hydroxy, amino, sulfo, phospho, carboxy, alkoxy as well as 
alkoxycarbonyl groups with, if present, 1-10 C atoms. 
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[0017] The following general processes are used to prepare the compounds 
according to the invention. It is possible to derivatize either the precursors (section 
1) or the finished dyes (section 2). 

1. Synthesis of appropriate precursors 

[0018] Starting with a 7-alkoxy-2,2,4-trimethyl-1 ,2-dihydroquinoline 
prepared according to methods known in the literature e.g. by condensing an 
aniline derivative with mesityl oxide and subsequent N-alkylation, the inventive 
procedure is as follows: 




1 -ethyl-7-methoxy-2,2,4- 
trimethyl- 1 ,2-dihydroquinoline 




sulfonamide derivative 
of quinolylsulfonic acid 
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Figure 1: 



[0019] Examples of the preparation of compounds according to the 
invention. Starting from l-ethyl-y-methoxy^^^-trimethyl-l^-dihydroquinoline, a 
sulfonamide derivative is finally obtained via the sulfonic acid and sulfochloride 
intermediate stages. The corresponding 1,2,3,4-tetrahydroquinoline derivative can 
be obtained by intermediate hydrogenation. 

[0020] A product sulfonated on the 4-methyl group is obtained by stirring the 
dihydro-quinoline with a mixture of concentrated sulfuric acid and oleum at room 
temperature. This sulfonic acid or its salt can be readily converted into the 
sulfochloride. For this the sulfonated compound is reacted in benzene with 
phosphorus pentachloride preferably at room temperature. In general common 
reagents such as phosphoroxy chloride, phosphorus pentachloride or thionyl 
chloride are used to prepare the sulfochloride. The reaction is carried out in an 
anhydrous inert solvent, preferably benzene. 

[0021] The sulfochloride can be converted into a corresponding sulfonamide 
by simple reaction with almost any primary and secondary amines. The 
sulfochloride can also react with other nucleophiles (thiols, alcohols etc.). If 
necessary the stable sulfonamide that is obtained can be further derivatized 
(saponification of carbonic ester groups etc.). 

[0022] The 1,2-dihydroquinoline can for example at the sulfonic acid stage 
be hydrogenated with hydrogen which is catalysed by palladium and thus be 
converted into a 1,2,3,4-tetrahydroquinoline. This hydrogenated quinoline can 
subsequently be subjected to the same synthetic pathway (see figure 1). 

[0023] The following dye syntheses are carried out by preparation methods 
known to a person skilled in the art using the sulfonic acids, their salts or 
preferably the sulfonamide derivatives that are obtained in this manner: 

[0024] Symmetric rhodamine dyes can for example be obtained by 
condensation of the described sulfonamide derivative with phthalic anhydride. 



Other xanthene dyes such as trifluoromethyl, pyronine or rosamine dyes are 
obtained by condensation with the appropriate acid anhydrides (trifluoroacetic 
anhydride) or aldehydes (benzaldehyde etc.). 

[0025] Asymmetric dyes are obtained in the case of rhodamines by for 
example reacting phthalic anhydride with an aminophenol or hydrogenated 7- 
hydroxy-quinoline or 7-methoxyquinoline and subsequently reacting the 
benzophenone derivative that is formed for example with a second 
dihydroquinoline or tetrahydroquinoline whereby a sulfonamide derivative 
according to the invention can now for example be used. 

[0026] Representatives of other dye classes such as coumarins, 
carbopyronines, amido-pyrylium dyes, oxazines etc. can be produced by methods 
known in the literature using the sulfonic acids, salts thereof or the sulfonamide 
derivates of the afore-mentioned or similar quinoline precursors. This means that 
the compounds according to the invention can be surprisingly used without 
problems in the known synthetic processes for preparing the dyes. 

2. Subsequent derivatization of the dyes 

[0027] According to the invention dyes can be subsequently sulfonated on 
their 4-methyl group. A similar process is described in the patent application WO 
99/15517 for xanthene dyes. Surprisingly such a subsequent sulfonation also 
succeeds in the case of many other polycyclic dyes which considerably simplifies 
the synthesis of the sulfonamide derivatives according to the invention. 

[0028] The sulfonated dyes obtained in this manner can surprisingly be 
converted into sulfochlorides as described above for the educts without changing 
or destroying the chromophore in this process. In this case apart from 
phosphoroxy chloride and/or phosphorus pentachloride, it is preferable to use a 
mixture of thionyl chloride and dimethylformamide. The sulfochlorides can be 
isolated and purified as perchlorates. The isolated dye sulfochlorides can be used 
in a known manner directly as markers for amino groups in biomolecules. 
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However, the sulfochlorides obtained in this manner can be reacted with almost 
any primary and secondary amines as described above for the quinoline 
precursors. This allows the dyes according to the invention to be obtained in a 
particularly simple manner. 

[0029] The introduction of the sulfonic acid group and its derivatization has 
almost no effect on the spectral properties of the dyes such as absorption and 
fluorescence maximum, extinction coefficient and the fluorescence quantum yield. 

[0030] However, the described process allows one to impart a large variety 
of new properties to the dyes in a simple manner or even subsequently depending 
on the primary or secondary amine that is used. This is because the amine can 
carry almost any additional functional groups. Thus for example our process 
allows one to introduce cyano, mercapto, halogen, sulfonic acid, hydroxy, alkenyl 
groups etc. into the dye. 

[0031] If the amine that is used carries relatively long alkyl chains e.g. Cio to 
C 30 , this increases the lipophilic character and the compound is soluble in unpolar 
media and membranes and can be used to detect membrane properties or to 
measure molecular distances. 

[0032] The water solubility of a dye can be improved when the amine in turn 
carries sulfonic acid or phosphonic acid groups or has polyether chains. The latter 
also improve the solubility of the compound in many organic solvents. They also 
reduce undesired unspecific interactions with the substrate or vessel walls. The 
crown ethers used for a sensitive fluorescence-based detection of cations are a 
type of cyclic polyether which can also be coupled as aza derivatives to dye 
molecules using the method described here. Furthermore the described method 
also allows the preparation of bichromophoric systems in which energy transfer 
(FRET) takes place between the chromophores. 

[0033] If the amine carries substituents that are capable of covalent 
coupling e.g. -COOH, -NH 2 , -OH or/and -SH, the compound produced according 
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to the invention can be coupled by known methods to a carrier and/or to a 
biomolecule. Hence this procedure allows dyes to be used for labelling which do 
not themselves have a carboxyl group or such like that is capable of coupling as is 
still necessary for the sulfonic acid derivatives described in WO 99/15517. Any 
suitable material can be selected as a carrier e.g. porous glass, plastics, ion 
exchanger resins, dextrans, cellulose, cellulose derivatives or/and hydrophilic 
polymers. The biomolecules are preferably selected from peptides, polypeptides, 
nucleotides, nucleosides, nucleic acids, nucleic acid analogues or/and haptens. 

[0034] A common method for covalently labelling biomolecules is the active 
ester method familiar to a person skilled in the art. Hence in a preferred manner a 
carboxylic acid with a terminal amino group and average chain length is used as 
the amine. Hence for example the commercial 4-methylaminobutyric acid, 4- 
piperidinecarboxylic acid, 6-aminohexanoic acid etc. can be used in an inventive 
manner as the amine. Thus after the sulfonamide linkage, dyes are obtained which 
have a carboxyl group that can be used for coupling. After coupling to primary 
amino groups of suitable biomolecules, the labelling group that is used and thus 
the analyte can be easily detected by means of its absorption and/or fluorescence. 

[0035] The compounds that are obtained can be used as labelling groups 
and thus the analyte in methods for the qualitative or/and quantitative 
determination of an analyte. The determination can be carried out in aqueous 
liquids e.g. samples of body fluids such as blood, serum, plasma or urine, waste 
water samples or foods. The method can be carried out as a wet test e.g. in a 
cuvette or as a dry test on an appropriate reagent carrier. In this connection the 
analyte can be determined by a single reaction or by a sequence of reactions. The 
use of the compounds obtained shows very good results in chemical and in 
particular medical and biological detection methods for determining an analyte. 

[0036] The compounds can be used in all known chemical, medical and 
biological detection methods in which fluorescent dyes are suitable as labelling 
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groups. Such methods are known to a person skilled in the art and do not 
therefore have to be explained further. 

[0037] In a particularly preferred embodiment the compound that is obtained 
is coupled covalently to a specific receptor for the analyte to be detected. The 
specific receptor is any suitable compound or any suitable molecule and it is 
preferably a peptide, polypeptide or a nucleic acid. The compounds or conjugates 
of these compounds can for example be used in nucleic acid hybridization 
methods or immunochemical methods. Such methods are described for example 
in Sambrook et al., Molecular Cloning, A Laboratory Manual, 1989, Cold Spring 
Harbor. 

[0038] An important advantage of the described process is its unrestricted 
applicability to all dyes that can be synthesized using the dihydroquinolines and 
tetrahydro-quinolines described above. Hence the choice of chromophore allows 
one to exactly select the dyes which, due to their spectroscopic properties, the 
position of their absorption and fluorescence maxima, their solubility properties, 
their fluorescence decay time and the magnitude of the quantum yield, appear to 
be particularly suitable for the desired application. 

[0039] As will be elucidated in the following examples, the compounds 
according to the invention can be produced by the methods described above in a 
simple and cost-effective manner. The compounds produced in this manner can 
be handled without problems and exhibit a good stability and shelflife. 

[0040] Hence the invention especially concerns the production and use of 
dihydroquinoline and tetrahydroquinoline derivatives corresponding to formulae la 
and lb where X = OH (sulfonic acids); X = CI, Br, I (sulfonylhalogenides, preferably 
chlorides); X = NR1R2 where Ri and R 2 = substituted alkyl, aryl etc. 
(sulfonamides); X = OR or SR where R = alkyl, aryl etc. (sulfonic acid esters, 
thiosulfonic acid S esters) and the use of compounds corresponding to formulae la 
and lb to produce polycyclic dyes corresponding to formulae II - VII. 
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[0041] The invention also comprises the production and use of polycyclic 
dyes corresponding to formulae II - VII by direct introduction of one or more 
substituents S0 2 X into known dyes with dihydroquinoline or tetrahydroquinoline 
end groups except for X = OH in compounds corresponding to formula III in which 
Y = O and formula IV. 

[0042] Dyes corresponding to formulae II - VII are preferably used to label 
analytes and in particular biomolecules (peptides, nucleotides etc.) via their NH 2 or 
SH groups. 

[0043] The dyes corresponding to formulae II - VII in which X = CI (sulfonyl 
chloride) can also be used for coupling with amino groups of an analyte. 

[0044] The invention also comprises the use of dyes corresponding to 
formulae II - VII in which X = NR1R2 and Ri = COOH-substituted alkyl or aryl to 
form active esters (e.g. with N-hydroxysuccinimide) and subsequent couple them 
to the amino groups of an analyte. The dyes corresponding to formulae II - VII can 
also be used for coupling to free amino groups of other dyes (FRET pairs). 

[0045] Specific examples of compounds according to the invention are 
shown in tables 1 to 3. 

Table 1: 

Quinolylsulfonic acids and derivatives thereof 



Example 


Structure 


Empirical formula 


Mass MH + 




^SOjH 






1 




C19H27NO6S 


398 












(CH^COjCjHj 







12 



2 


^S0 3 H 
(CH 2 )3C0 2 C 2 Hs 


v^gi 129' ^iv^/go 


400 




^S0 3 H 

H 3 CO"^^N X \ 
CH 3 


O14M21NU4O 


oUU 


A 
H 


^S0 3 H 
CH 3 


C13H19NO4S 


286 


c 

O 


^S0 3 H 
CH 3 




OlO 


6 


^S0 3 H 

H 3 CO^^N^\ 

(CH 2 ) 4 S0 3 H 




421 


7 


^S0 3 H 

H 3 CO^^N^ 
H 


C13H19NO4S 


286 



13 





^S0 3 H 






8 


N 

C 2 H 5 


C14H19NO3S 


284 




^S0 2 Cl 






A 

y 


I 

C 2 H 5 


^ 1 4 ni 8^ 1 n U20 




10 


[ ^ — ' o-ch 3 

N 

C 2 H 5 


C21H30N2O4S 


407 




C 2 H 5 






11 


N 

C 2 H 5 


C18H28N2O2S 


337 




^S0 2 NHC 8 H l7 






12 


C 2 H 5 


C22H36N202S 


393 


13 


0 r > — ' o-chj 

C 2 H 5 


C22H30N2O5S 


435 



14 



14 


\ N ' 0-CH 3 

N 

C 2 H 5 


C22H32N2O5S 


437 


A F 

15 


^S0 3 H 
C 2 H 5 


f\ |_| K 1 /^V O 
C15H21NO4S 


OHO 

312 


A C 

16 


^S0 2 C1 
C 2 H 5 


Ui5rl22^INU30 


00U 


17 


SO.N^W 0 
f \ / o— CHi 

W V^i i 3 

H 3 CO^^^N^\ 
C 2 H 5 




437 


A O 

18 


.S0 3 H 
C 2 H 5 


C14H19NO4S 


298 




^S0 2 C1 
CH 3 




318 



15 



20 


J 

H 3 ccr 


I 

I 

c 


H 3 


\ — ^ ^6— CH 3 




425 


21 


H 3 CO^ 




S 

1 

CH 3 


0 2 NHC 8 H, 7 

< 


C22H38N2O3S 


411 


22 


o 




< 

I 

2 H 


/ (CH 2 ) 3 C0 2 CH 3 

;o 2 n v 

CH 3 

5 


w20 n 30 1 N 2 W40 




23 


( 


< 

M 

1^2 H 


( 

5 


1 


DH I 


i OHOH 


C21H34N2O4S 


459 


] 

:h 3 


H ( 


CH 2 OH 

)HH H 


24 


0 


( 


\ 


H 

/ 

S0 2 N V CH 3 
CH 3 

Is 


C18H29N3O2S 


352 


25 


0 






0 2 N x 
CH 3 


C33H58N2O2S 


547 



16 





/ Ci 0 H 2 | 






26 


[ CioH 2 i 
C 2 H 5 


C34H60N2O2S 
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27 


r SOiN C^ 

\ 

c 2 h 5 
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C18H28N204S 
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I 
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0 
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C19H26N205S2 
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[ OH 
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C16H23NO2S2 
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1 

C 2 H 5 







Table 2a: 

Coumarin dyes with a sulfonic acid group 

spectral data in ethanol: X, a absorption maximum 



Xf fluorescence maximum 



Name 


Structure 


X a 1 nm 


Xf 1 nm 




H0 3 S. 






34 




394 


468 


AZ59 










H0 3 S^ 






35 




383 


455 


AZ100 


j 








H0 3 S^ 






36 




394 


469 


AZ101 


I 

(CH 2 )jC0 2 H 
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Table 2b: 

Rhodamine dyes with a sulfonic acid group 

spectral data in ethanol: X a absorption maximum 

Xf fluorescence maximum 



Name 


oir uciure ^anion m ) 


1 / n m 


1 * / nm 
A,f / f 1 1 1 1 


37 
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H0 3 S kX C 0 2 H ^ 
/ N 0 N \ 

0 k 
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CI 
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HO3S. a XX c02H /SO3H 

0 k 
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^ k 
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40 
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C1 >Y^C0 2 H ^ S °3« 
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>N k 0 k 
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C K^C0 2 Et 

/ IvT ^^^X^^^ N \ 
CH2CH3 CH2CH3 
Et = C 2 H 5 


623 
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JA 407-E 







Table 2c: 

Oxazine dyes with a sulfonic acid group 

spectral data in ethanol: X a absorption maximum 

Xf fluorescence maximum 



Name 


Structure (anion A") 


X a 1 nm 


Xf / nm 










.S0 3 H 
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(CHj^COjH 
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(CH 2 ) 3 C0 2 H 



654 
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(CH 2 ) 4 S0 3 H 
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695 



50 

JA 366 




654 



678 
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Table 2d: 








Carbopyronine dyes with a sulfonic acid group 






spectral data in ethanol: X a absorption maximum 






Xf fluorescence maximum 




Name 


Dye (anion A") 


X a / nm 


Xfl nm 




H0 3 S^ 






54 
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664 


JA 323 


/ n | 

(CH 2 )3C0 2 H 








^S0 3 H 
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Table 2e: 

Amidopyrylium dyes with a sulfonic acid group 

spectral data in ethanol: X a absorption maximum 



Xf fluorescence maximum 



Name 


Structure (anion A*) 


X a 1 nm 


h 1 nm 


63 
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H0 3 S^ 
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695 
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Table 3a: 

Sulfonic acid derivatives of coumarin dyes according to the invention 

spectral data in ethanol: A. a absorption maximum 

A, f fluorescence maximum 



Name 


Structure 


X a 1 nm 


Xf / nm 




C10 2 S^ 
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Table 3b: 

Sulfonic acid derivatives of rhodamine dyes according to the invention 

spectral data in ethanol: X a absorption maximum 

Xf fluorescence maximum 



Name 


Structure (anion A") 


X a 1 nm 


Xf/nm 


69 

AZ49 


>r^C0 2 H r \ — / OH 

h. n XX 0 XA n + Jc 

J 1 


542 


567 
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Et= C 2 H 5 
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Table 3c: 

Sulfonic acid derivatives of oxazine dyes according to the invention 

spectral data in ethanol: X a absorption maximum 

k f fluorescence maximum 



Name 


Structure (anion A*) 
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Table 3d: 

Sulfonic acid derivatives of carbopyronine dyes according to the invention 

spectral data in ethanol: X a absorption maximum 

kf fluorescence maximum 



Name 



Structure (anion A") 



X a I nm 
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Table 3e: 

Sulfonic acid derivatives of trifluoromethyl-substituted xanthene dyes 
according to the invention 

spectral data in ethanol: X a absorption maximum 

A.f fluorescence maximum 
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Name 


Structure (anion A") 
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Examples 



[0046] The invention is elucidated in more detail by the following examples. 
Examples are given for the production of sulfonated quinoline precursors and their 
derivatization as well as examples for the synthesis and modification of dyes from 
appropriately-sulfonated quinolines. The dihydroquinolines and 
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tetrahydroquinolines and primary or secondary amines used as starting 
compounds for the compounds described under 1. are either commercially 
available or can be prepared by syntheses known from the literature or methods 
known to a person skilled in the art. This also applies to the starting dyes for the 
dye derivatives described under 2. 

1. Precursors: Production of compounds according to the invention 
Compound 8 

[0047] In order to prepare (1-ethyl-2,2-dimethyl-1 t 2-dihydroquinol-4-yl)- 
methanesulfonic acid (8), 6.0 g (21 mmol) 1-ethyl-2,2,4-dimethyl-1,2- 
dihydroquinoline is dissolved while cooling on ice in a mixture of 10 ml 
concentrated sulfuric acid and oleum in a ratio of 5:1. It is stirred for 20 hours at 
room temperature. The reaction mixture is poured onto ice and made alkaline (pH 
12) with 20 % sodium hydroxide solution while cooling with ice/methanol. In order 
to remove the non-reacted educt, it is extracted with chloroform and the aqueous 
phase is evaporated to dryness on a rotary evaporator. The crystalline residue is 
suspended in ethanol, the sodium sulfate is removed by suction filtration and the 
organic phase is evaporated to dryness on a rotary evaporator. The resinous 
residue crystallizes on addition of acetone. It is again suction filtered, washed with 
acetone and dried over phosphorus pentoxide under a vacuum. The crude product 
that is obtained can be used in the next step without further purification steps. 
Yield 82 %. 

ESI mass spectrum: m/z = 282 (MH + ) 

NMR (DMSO-de): CH3CH2-, 0.97 ppm, T, 3; -CH2-N, 3.39 ppm, Q, 2; 2 x CH3-, 
1.31 ppm, S, 6; = CH, 5.74 ppm, S, 1; -CH^SOaH, 4.27 ppm, S, 2; H aromatic, 
7.15-7.58 ppm, M, 4. 
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Compound 9 



[0048] In order to prepare (1-ethyl-2,2-dimethyl-1,2-dihydroquinol-4-yl)- 
methanesulfonic acid chloride (9), 2.5 g (8.8 mmol) (1-ethyl-2,2-dimethyl-1,2- 
dihydroquinol-4-yl)-methanesulfonic acid (8) is suspended in 70 ml dry benzene 
and 4.6 g (22.2 mmol) phosphorus pentachloride is added in portions at room 
temperature. The reaction mixture firstly becomes yellow coloured and later 
yellow-orange. The white precipitate is removed by filtration after 1.5 hours and 
washed with cold dry benzene. It is dried in a vacuum over phosphorus pentoxide. 
The acid chloride that is obtained is used immediately in the next step without 
further purification. 
Yield 75 %. 

ESI mass spectrum: m/z = 300 (MhT) 
Compound 10 

[0049] In order to prepare (1-ethyl-2,2-dimethyl-1,2-dihydroquinol-4-yl- 
methanesulfonyl)-piperidine-4-carboxylic acid methyl ester (10), 2 g (6.6 mmol) (1- 
ethyl-2,2-dimethyl-1,2-dihydroquinol-4-yl)-methanesulfonic acid chloride (9) is 
dissolved in 40 ml dry acetonitrile and cooled in an ice bath. 1.13 g (7.9 mmol) 4- 
piperidine-carboxylic acid methyl ester followed by 0.85 g (6.6 mmol) 
diisopropylethylamine are added dropwise. The reaction mixture is stirred for 30 
minutes at room temperature. Water is added and the mixture is extracted with 
chloroform, washed with 10 % cold soda solution and dried over anhydrous 
sodium sulfate. The solvent is removed by distillation on a rotary evaporator and 
the residue is purified by column chromatography on silica gel with a gradient 
running from chloroform to ethanol. 
Yield 82 %. 

ESI mass spectrum: m/z = 407 (MH + ) 
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Compound 13 

[0050] In order to prepare 1-(1-ethyl-6-formyl-2,2-dimethyl-1,2- 
dihydroquinol-4-yl-methane-sulfonyl)-piperidine-4-carboxylic acid methyl ester 

(13) , 3 ml dry dimethylformamide is cooled in an ice/methanol bath to -10°C and 
0.45 ml (4.9 mmol) phosphoryl trichloride is added dropwise. The reaction mixture 
is stirred for 20 minutes at -5°C. (1-Ethyl-2,2-dimethyl-1,2-dihydroquinol-4-yl- 
methane-sulfonyl)-piperidine-4-carboxylic acid methyl ester (10) is dissolved in 1.5 
ml dry dimethylformamide and added dropwise to the reaction mixture at -5°C. 
After the addition is completed, the mixture is heated for 50 minutes to 80°C. The 
reaction solution is poured onto iced water and chloroform is added. It is adjusted 
to pH 12 with 20 % sodium hydroxide solution and extracted several times with 
chloroform. The organic phase is washed with 10 % soda solution and dried over 
anhydrous sodium sulfate. The crude product that is obtained is evaporated to 
dryness under a vacuum in a rotary evaporator and purified by column 
chromatography on silica gel by means of a gradient running from chloroform to 
ethanol. 

Yield 88 %. 

ESI mass spectrum: m/z = 435 (MH + ) 

NMR (CDCI 3 ): CH3CH2-, 1.22 ppm, T, 3; -Chb-N, 3.41 ppm, Q, 2; 2 x CH3-, 1.42 
ppm, S, 6; =CH, 5.63 ppm, S, 1; -CH2SO2N, 4.00 ppm, S, 2; H-5 aromatic, 7.59 
ppm, S, 1; H-7 aromatic, 7.57 ppm, D, 1; H-8 aromatic, 6.55 ppm, D, 1; H-C=0, 
9.68 ppm, S, 1; -O-CH2, 3.63 ppm, S, 1; CH (piperidine)-OO, 2.31 ppm, M, 1; N- 
C HH' (piperidine), 2.83 ppm and 3.52 ppm; M, 2.2; HC-CHH' (piperidine), 1.67 
ppm and 1.83 ppm; M, 2.2. 

Compound 14 

[0051] In order to prepare 1-(1-ethyl-6-hydroxymethyl-2,2-dimethyl-1,2- 
dihydroquinol-4-yl-methane sulfonyl)-piperidine-4-carboxylic acid methyl ester 

(14) , 1g (2.3 mmol) 1-(1-ethyl-6-formyl-2,2-dimethyl-1,2-dihydroquinol-4-yl- 
methanesulfonyl)-piperidine-4-carboxylic acid methyl ester (13) is dissolved in 10 
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ml ethanol and 0.05 g sodium borohydride is added while cooling on ice during 
which a considerable gas evolution with foaming is observed. It is stirred for 50 
minutes at room temperature. In order to decompose the excess of reducing 
agent, 1 N hydrochloric acid is added dropwise until no more foaming is observed 
(pH 7). It is poured onto 50 ml water and extracted 3 times with 20 ml chloroform. 
The combined organic phases are dried over anhydrous sodium sulfate and the 
solvent is removed by distillation until dryness in a rotary evaporator. The residue 
that is obtained is purified by column chromatography on silica gel using a gradient 
running from chloroform to ethanol. 
Yield 88 %. 

ESI mass spectrum: m/z = 435 (MH + ) 

NMR (CDCI 3 ): CH 3 CH 2 -, 1.10 ppm, T, 3; -CH2-N, 3.25 ppm, Q, 2; 2 x CH 3 -, 
1.27 ppm, S, 6; =CH, 5.53 ppm, S, 1; -CH2SO2N, 3.96 ppm, S, 2; H-5 aromatic, 
7.10 ppm, S, 1; H-7 aromatic, 7.05 ppm D, 1; H-8 aromatic, 6.46 ppm, D, 1; H2C- 
OH, 4.47 ppm, S, 1; -O-CH3, 3.57 ppm, S, 1; CH (piperidine)-C=0, 2.29 ppm, M, 
1; N-CHH' (piperidine), 2.82 ppm and 3.53 ppm; M, 2.2; HC-CHH' (piperidine), 
1.68 ppm and 1.73 ppm; M, 2,2; -CH 2 -OH, nn. 

Compound 3 

[0052] In order to prepare (1-methyl-7-methoxy-2,2-dimethyl-1 ,2,3,4- 
tetrahydroquinol-4-yl)-methanesulfonic acid (3), 5.0 g (1-methyl-7-methoxy-2,2- 
dimethyl-1,2-dihydro-quinol-4-yl)-methanesulfonic acid is dissolved in 100 ml 
methanol and 0.5 g 10 % palladium on activated carbon is added. The reaction 
mixture is hydrogenated for 18 hours at 70 bar and room temperature in an 
autoclave. It is filtered and evaporated to dryness on a rotary evaporator. The solid 
that is obtained can be used in the next step without further purification. 
Yield 90 %. 

ESI mass spectrum: m/z = 270 (MH + ) 
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Compound 11 



[0053] N.N-diethyKI-ethyl^.a-dimethyl-l.a-dihydroquinoM-yl)- 
methanesulfon-amide (11) is prepared similarly to compound (10) using compound 
(9) with diethylamine. The product is isolated by column chromatography on silica 
gel with a gradient running from chloroform to ethanol. 
Yield 79 %. 

ESI mass spectrum: m/z = 337 (MH + ) 
Compound 12 

[0054] (1-Ethyl-2,2-dimethyl-1 ,2-dihydroquinol-4-yl)-N-octyl- 
methanesulfonamide (12) is prepared similarly to compound (10) using compound 
(9) with n-octylamine. The product is isolated by column chromatography on silica 
gel with a gradient running from chloroform to ethanol. 
Yield 81 %. 

ESI mass spectrum: m/z = 393 (MH + ) 
Compound 15 

[0055] In order to prepare (1-ethyl-7-methoxy-2,2-dimethyl-1,2- 
dihydroquinol-4-yl)-methanesulfonic acid (15), 20 g (8.6 mmol) 1-ethyl-7-methoxy- 
2,2,4-dimethyl-1,2-dihydroquinoline is dissolved in a mixture of 10 ml concentrated 
sulfuric acid and oleum in a ratio of 5:1 while cooling on ice. It is stirred for 20 
hours at room temperature. The reaction mixture is poured onto ice and made 
alkaline (pH 12) with 20 % sodium hydroxide solution while cooling with 
ice/methanol. In order to remove the non-reacted educt, it is extracted with 
chloroform and the aqueous phase is evaporated to dryness in a rotary 
evaporator. The crystalline residue is purified by column chromatography on silica 
gel with a gradient running from chloroform to ethanol. 
Yield 86 %. 
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ESI mass spectrum: m/z = 312 (MH*) 

NMR (DMSO-de): CHaCHz-, 1.09 ppm, T, 3; -CHg-H, 3.25 ppm, Q, 2; 2 x CH3-, 
1.24 ppm, S, 6; =CH, 5.28 ppm, S, 1; -CHgSC^H, 3.43 ppm, S, 2; H-5 aromatic, 
6.04 ppm, D, 1; H-6 aromatic, 7.17 ppm, D, 1; H-8 aromatic, 5.93 ppm, S, 1; 
CH3O-, 3.68 ppm, S, 3. 

Compound 16 

[0056] (1-Ethyl-7-methoxy-2,2-dimethyl-1 ,2-dihydroquinol-4-yl)- 
methanesulfonic acid chloride (16) is prepared similarly to compound (9) from 
compound (15) and phosphorus pentachloride in dry benzene. The acid chloride 
that is obtained is immediately used for further reaction. 
Yield 73 %. 

ESI mass spectrum: m/z = 330 (MH + ) 
Compound 17 

[0057] (1-Ethyl-7-methoxy-2,2-dimethyl-1 ,2-dihydroquinol-4-yl- 
methanesulfonyl)-piperidine-4-carboxylic acid methyl ester (17) is prepared 
similarly to compound (10) from compound (16) in dry acetonitrile at room 
temperature. 
Yield 69 %. 

ESI mass spectrum: m/z = 437 (MH + ) 

NMR (CDCI3): CH3CH 2 -, 1.15 ppm, T, 3; -CH^-N, 3.27 ppm, Q, 2; 2 x CH3-, 
1.31 ppm, S, 6; =CH, 5.41 ppm, S, 1; -CH2SO2N, 3.97 ppm, S, 2; H-5 aromatic, 
6.17 ppm, D, 1; H-6 aromatic, 7.07 ppm, D, 1; H-8 aromatic, 6.09 ppm, S, 1; 
-O-CH3, 3.77 ppm, S, 1; CH(piperidine)-C=0. 2.31 ppm, M, 1; N-CHH' (piperidine), 
2.82 ppm and 3.63 ppm; M, 2.2; HC-CHH' (piperidine), 1.63 ppm and 1.80 ppm; 
M, 2.2; OC-OCH3, 3.63, S, 3. 
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Compound 18 

[0058] In order to prepare (1-ethyl-7-hydroxy-2,2-dimethyl-1,2- 
dihydroquinol-4-yl)-methanesulfonic acid (18), 5 g (16.1 mmol) (1-ethyl-7-methoxy- 
2,2-dimethyl-1,2-dihydroquinol-4-yl)-methanesulfonic acid (16) is suspended in 10 
ml 48 % hydrobromic acid and refluxed for 2 hours. It is poured onto ice, 
chloroform is added and it is neutralized with 20 % sodium hydroxide solution. The 
organic phase is separated and the aqueous phase is evaporated to dryness in a 
vacuum on a rotary evaporator. The residue is suspended in hot ethanol, filtered 
and the filtrate is again rotary evaporated to dryness. The product obtained in this 
manner is used in the next step without further purification. 
Yield 91 %. 

ESI mass spectrum: m/z = 298 (MH + ) 
Compound 19 

[0059] (1-Methyl-7-methoxy-2,2-dimethyl-1,2,3,4-tetrahydroquinol-4-yl)- 
methane-sulfonic acid chloride (19) is prepared similarly to compound (16) using 
compound (3) and phosphorus pentachloride except that it is stirred for 18 hours 
at room temperature. 
Yield 78 %. 

ESI mass spectrum: m/z = 317 (MH + ) 
Compound 20 

[0060] (1 -Methyl-7-methoxy-2,2-dimethyl-1 ,2,3,4-tetrahydroquinol-4-yl- 
methane-sulfonyl)-piperidine-4-carboxylic acid methyl ester (20) is prepared 
similarly to compound (10) from compound (19) and 4-piperidinecarboxylic acid 
methyl ester in dry acetonitrile. It is isolated by column chromatography on silica 
gel using a gradient running from chloroform to ethanol. 
Yield 69 %. 

ESI mass spectrum: m/z = 425 (MH + ) 
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Compound 21 

[0061] (l-Methyl-y-methoxy-a^-dimethyM^.S^-tetrahydroquinoM-yO-N- 
octyl-methane-sulfonamide (21) is prepared similarly to compound (10) from 
compound (19) and n-octylamine in dry acetonitrile. It is isolated by column 
chromatography on silica gel using a gradient running from chloroform to ethanol. 
Yield 69 %. 

ESI mass spectrum: m/z = 411 (MhT) 

2. Dyes: Production of compounds according to the invention 
Compound 55 (AZ 30) 

[0062] 1.2 g (4.93 mmol) 4-(6-hydroxymethyl-2,2,4-trimethyl-2H-quinol-1-yl)- 
butyric acid ethyl ester and 0.72 g (4.93 mmol) 1-ethyl-6-isopropenyl-indoline are 
dissolved in 20 ml dry dichloromethane and cooled to -5°C. 7 ml of a 1 molar 
solution of boron trichloride in dichloromethane is added dropwise. The reaction 
mixture is stirred for 2 hours at room temperature, the solvent is removed in a 
rotary evaporator and the residue is dissolved in concentrated sulfuric acid . The 
reaction mixture is stirred for 4 hours at room temperature. The reaction mixture is 
added dropwise to ice-cold ethanol, 0.8 g tetrabutylammonium metaperiodate is 
added and the mixture is briefly heated to boiling point. It is allowed to cool, water 
is added and the dye is taken up in chloroform. It is dried over anhydrous sodium 
sulfate and the dye solution is evaporated to dryness in a rotary evaporator. The 
crude dye product that is obtained is purified by column chromatography on silica 
gel with a gradient running from chloroform to ethanol. 
Yield 45 %. 

ESI mass spectrum: m/z = 565 (M + ) 
absorption maximum: X a = 648 nm (in ethanol) 
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Compound 83 (AZ 46) 



[0063] 100 mg (0.21 mmol) JA 403 is dissolved in 8 ml dry acetonitrile and 
cooled in a cold water bath. 4 drops of dry dimethylformamide followed by 6 drops 
of freshly distilled thionyl chloride are added. It is stirred for 45 minutes. The 
reaction is quantitative. The reaction mixture is cooled in an ice bath. The dye 
solution is added dropwise to a 20 % sodium perchlorate solution cooled with 
ice/methanol. The dye which precipitates as fine crystals is suction filtered, 
washed with a small amount of cold water and dried over phosphorus pentoxide in 
an oil pump vacuum. The dye can be used for further reactions without additional 
purification. 
Yield 81 %. 

ESI mass spectrum: m/z = 502 (M + ) 
absorption maximum: X a = 650 nm (acetonitrile) 

Compound 90 (AZ 102) 

[0064] 10 mg (0.017 mmol) AZ 46 is dissolved in 5 ml dry acetonitrile and 5 
ml of a 10 mmolar solution of benzylamine in dry acetonitrile is added. The 
reaction mixture is stirred for 20 minutes at room temperature. The reaction 
solution is evaporated to dryness on a rotary evaporator and purified by column 
chromatography on silica gel with a gradient running from chloroform to ethanol. 
[0065] Yield 88 %. 
ESI mass spectrum: m/z = 573 (M + ) 
absorption maximum: X a = 653 nm (in ethanol) 

Compound 87 (AZ 56) 

[0066] The synthesis is carried out similarly to the preparation of AZ 102 
using a 10 mmolar solution of 4-piperidinecarboxylic acid methyl ester. It is 
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isolated by column chromatography on silica gel using a gradient running from 
chloroform to ethanol. 
Yield 91 %. 

ESI mass spectrum: m/z = 609 (M + ) 
absorption maximum: X a = 652 nm (in ethanol) 

Compound 89 (AZ 57) 

[0067] 10 mg (0.014 mmol) AZ 56 is dissolved in 20 ml acetonitrile / water 
1:1 and 0.5 ml 2 N hydrochloric acid is added. The reaction mixture is refluxed for 
7 hours. The dye solution is evaporated under a vacuum and purified by column 
chromatography on silica gel using a gradient running from chloroform to ethanol. 
Yield 62 %. 

ESI mass spectrum: m/z = 595 (M + ) 
absorption maximum: X a = 652 nm (in ethanol) 

Compound 34 (AZ 59) 

[0068] 500 mg (1.7 mmol) (1-ethyl-7-hydroxy-2,2-dimethyl-1,2- 
dihydroquinol-4-yl)-methanesulfonic acid (18), 440 mg (3.4 mmol) ethyl 
acetoacetate and 460 mg dry zinc chloride are suspended in 40 ml absolute 
ethanol and refluxed for 24 hours. The reaction mixture is filtered, evaporated to 
dryness in a rotary evaporator and the residue is purified by column 
chromatography on silica gel using a gradient running from chloroform to ethanol. 
Yield 60 %. 

ESI mass spectrum: m/z = 364 (MH + ) 
absorption maximum: X. a = 394 nm (in ethanol) 
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Compound 71 (AZ 84) 

[0069] It is synthesized similarly to AZ 46 using JA 407-E and thionyl 
chloride/DMF in dry acetonitrile. The dye that is obtained is isolated as a 
perchlorate and dried. The dye sulfochloride can be immediately reacted further 
without additional purification. 
Yield 81 %. 

ESI mass spectrum: m/z = 811 (M + ) 
absorption maximum: X. a = 623 nm (in ethanol) 

Compound 72 (AZ 85) 

[0070] It is prepared similarly to AZ 102 using AZ 84 and n-octylamine in dry 
acetonitrile. It is isolated by column chromatography on silica gel with a gradient 
running from chloroform to ethanol. 
Yield 73 %. 

ESI mass spectrum: m/z = 904 (M + ) 
Compound 65 (AZ 96) 

[0071] It is prepared similarly to compound (9) from AZ 59 and phosphorus 

pentachloride in benzene but the stirring is carried out for 6 hours at room 

temperature. 

[0072] Yield 63 %. 

ESI mass spectrum: m/z = 383.2 (MH + ) 

absorption maximum: X a = 392 nm (in ethanol) 

Compound 66 (AZ 97) 

[0073] It is prepared similarly to AZ 102 from AZ 96 and 4- 
piperidinecarboxylic acid ethyl ester. It is isolated by column chromatography on 
silica gel with a gradient running from chloroform to ethanol. 
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Yield 76 %. 

ESI mass spectrum: m/z = 
absorption maximum: X a = 



489.2 (MH + ) 

393 nm (in ethanol) 



Compound 84 (JA 403 ME) 

[0074] 100 mg (0.17 mmol) JA 403 and 0.5 ml dimethylsulfate are dissolved 
in 20 ml dry acetonitrile and refluxed for ca. 5 hours. The reaction is monitored by 
thin layer chromatography. After the reaction is completed, the reaction mixture is 
evaporated to dryness, taken up in a small amount of chloroform and the residue 
is purified by column chromatography on silica gel with a gradient running from 
chloroform to ethanol. 
Yield 70 %. 

ESI mass spectrum: m/z = 498 (M + ) 
absorption maximum: X a = 654 nm (in ethanol) 



47 



